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Summary The function level inﬂuence of an intact rotator cuff on the unweighted Constant
score and its corresponding items is unknown. The aim of this study was to evaluate this contri-
bution. The hypothesis was that the shoulder muscles other than the rotator cuff ones ensure
a ‘‘basic’’ shoulder function level that is improved by the rotator cuff depending on its fatty
degeneration index (FDI)
Material and methods: This study was based on a continuous series of 29 non-osteoarthritic
shoulders whose sutured rotator cuff tears remained intact after 9 years of follow-up. The
preoperative FDI was 0.9 (0—2) and 1.26 (0.2—2.2) at the ﬁnal follow-up. The Constant score
was 76.85 at the ﬁnal follow-up (range 42—93). There was a strong negative correlation between
preoperative and follow-up FDI’s and all the Constant scores at the ﬁnal follow-up. Linear
regression analysis was performed. The two linear regression lines were superimposed.
Results: For a given FDI value, all Constant scores were lower when linear regression was based
on preoperative FDI scores that included postoperative deterioration of the FDI. The two linear
regression lines converged as the FDI increased and intersected at an FDI of 2.25. Thus, the
impact of intact repaired rotator cuff function was null when the FDI was above 2.25, leav-
ing other shoulder muscles (including the deltoid), to ensure ‘‘basic’’ shoulder function at a
Constant score of approximately 62 points.
Discussion: The ‘‘basic’’ shoulder function found in this study is supported by the similar Cons-
tant scores found in reverse shoulder prostheses, and in painless shoulders with full thickness
rotator cuff tears.
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Conclusion: The deltoid and the shoulder muscles other than the rotator cuff seem to be respon-
sible for ‘‘basic’’ shoulder function and represent 60% of the unweighted Constant score. The
lower the FDI, the more the function of an intact repaired cuff improves this ‘‘basic’’ function
level.
Level of evidence: Level IV.
© 2010 Elsevier Masson SAS. All rights reserved.
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(Introduction
When all joints are normal, shoulder function depends on
the functional possibilities of the rotator cuffs, which mainly
depend upon the supraspinatus, infraspinatus and subcap-
sular muscles, as well as the other muscles of the shoulder
(including the deltoid muscle). The action of these differ-
ent shoulder muscles (including the muscles of the rotator
cuff), which have been extensively studied in the litera-
ture, was recently reviewed by Blaimont and Taheri [1].
On the other hand, the respective impact of the rotator
cuff (when it is intact) and the other shoulder muscles in
shoulder function is unknown. This study proposes a method
of indirect measurement to determine the impact of these
muscles on shoulder function based on linear regression
analysis [2]. Results of linear regression analysis in centered
non-osteoarthritic shoulders with intact, repaired rotator
cuffs show a strong negative correlation between shoul-
der function evaluated by the unweighted Constant score
and its items on one hand [3] and the fatty degeneration
index (FDI) of the shoulder on the other [4,5]. The FDI,
which is the mean fatty degeneration (FD) of the supraspina-
tus, infraspinatus and subscapular muscles [6], provides the
functional value of an intact repaired cuff because the func-
tional results of shoulders with rotator cuff tears repaired
by sutures without recurrence and whose other muscles are
normal, depend on FDI values [2,5] and FDI values alone
[2].
The hypothesis of this study was that muscles other than
those of the rotator cuff ensure basic shoulder function that
can be improved by the rotator cuff.
Materials
Linear regression analysis was performed on a series of 29
shoulders with intact repaired rotator cuffs in 29 patients
(including 19 women) [2]. All these rotator cuffs had full
thickness tears that were conﬁrmed on CT arthrography and
with surgical data. Tears involved only one tendon in six
cases (four supraspinatus and two subscapular), two ten-
dons in 10 cases (eight supra- and infraspinatus and two
supraspinatus and subscapular) and the three tendons in
13 cases. The rotator cuffs were completely repaired in
open surgery by tension free suture. Patients’ age at surgery
was 58.1± 6.2 years old (range 47—70 years old). Rotator
cuffs were watertight on CT arthrography performed 13± 4
months after surgery (range 5—24) and remained intact on
ultrasound control at the ﬁnal follow-up performed 8.9± 0.8
years (range 6.3—10 years) after surgery by the same expe-
rienced radiologist. This monocentric series was taken from
b
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rcontinuous series of 40 shoulders with full thickness rota-
or cuff tears, which were repaired by suture between 1995
nd 1996 [2]. Thirty-eight rotator cuffs were controlled by
T arthrography. Thirty-six repaired cuffs were found to be
ntact, without tears. Between 2003 and 2006 six shoulders
ould not be followed-up. One patient (one shoulder) died,
hree patients (four shoulders) were lost to follow-up and
ne patient (one shoulder) was satisﬁed but refused follow-
p. Twenty-nine of the 30 repaired shoulders evaluated on
ltrasound were intact without tears. These 29 shoulders
ere studied in this series.
At the ﬁnal follow-up the functional evaluation of these
9 shoulders (operated patients were then 67± 6.4 years
ld, range 55.5—79 years old) was performed based on
nweighted Constant scores and the items of pain, range
f motion and strength [3] (Table 1).
Muscular FD was evaluated preoperatively, 13 months
fter surgery and at the ﬁnal follow-up based on well deﬁned
T horizontal slices (one slice for the supraspinatus, two
lices for the infraspinatus and subscapular) at a soft tissue
indow setting according to the Goutallier and Bernageau
core [6]. The progression of FDI values from the preoper-
tive to the ﬁnal follow-up is shown in Table 2. It should
e noted that the FDI worsened by a mean 0.36 points
P = 0.0004) in the ﬁrst postoperative year, and remain sta-
istically stable thereafter. It has been noted that Constant
cores are not dependent upon the preoperative subacro-
ial space, the number of tendon tears that are sutured,
r the suture technique (with or without musculotendinous
ranslation), or upon whether cuff repair is associated with
cromioplasty or not.
At the ﬁnal follow-up, no radiological glenohumeral
mpingement was observed and all subacromial spaces,
xcept one which measured 6mm (stage II of Hamada et
l. [7]), were at least 7mm.
The shoulder muscles besides the rotator cuff (including
he deltoid muscles) were all clinically normal at the ﬁnal
ollow-up.
Linear regression analysis was performed with Statview
.55 software (Abacus Concepts Inc., Berkeley, CA, USA).
values of 0.05 or less were considered to be signiﬁ-
ant.
The ﬁrst series of regression lines (Fig. 1) shows the neg-
tive correlation between the preoperative FDI value (that
s functional rotator cuff values) and the unweighted Cons-
ant score and its items at the ﬁnal post-operative follow-up
that is shoulder function) in cuffs whose continuity would
e restored after suture. The second series of regression
ines (Fig. 1) shows the negative correlation between the
DI at the ﬁnal postoperative follow-up (that is functional
otator cuff values) and the unweighted Constant score and
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Table 1 Unweighted Constant scores and its items at the ﬁnal follow-up in 29 shoulders with intact repaired rotator cuffs
(standard deviations are in parentheses).
Unweighted Constant score maximum: 100 points Pain max: 15 Range of motion max: 40 Strength max: 25
76.85 (9.9) from 42—93 12.9 (1.7) from 8—15 36.6 (4.1) from 20—40 10.1 (4.4) from 3—19.5
Table 2 Progression of the fatty degeneration index (FDI) in the 29 shoulders with intact repaired rotator cuffs at the ﬁnal
postoperative follow-up (standard deviations are in parentheses).
Preoperative P (preopera-
tive/intermediate
follow-up)
Intermediate
follow-up (13
months)
P (inter
follow-up/ﬁnal
follow-up)
Final follow-up
(9 years)
P (preopera-
tive/ﬁnal
follow-up)
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•FDI 0.9 (0.54) from
0—2
0.0004 1.2 (0.5) fr
0—2.2
ts items at the ﬁnal postoperative follow-up (that is shoul-
er function) in cuffs whose continuity was restored after
uture.
ethods
he two regression lines for the Constant scores and each of
ts items were superimposed (Fig. 2).
esults
n both series of regression lines, the Constant score and its
tems decreased statistically as FDI values increased.
For the same FDI value, the unweighted Constant score
f a shoulder (that is shoulder function), was higher when
otator cuff continuity had been restored than in shoulders
ith a rotator cuff whose continuity would be restored by
uture for a full thickness cuff tear. The difference in the
onstant score (that is in shoulder function) was due to
ost-suture worsening of the FDI (that is post-suture loss
f rotator cuff function). The two regression lines were not
arallel. They converged gradually as the FDI increased and
ntersected at an FDI of 2.25. Thus, as the FDI increased, the
ifference between shoulders whose cuffs would have conti-
uity restored, and those whose continuity had already been
estored, decreased. When the FDI reached 2.25, there was
o difference in cuff function between the two series.
nalysis
e can therefore imagine that the inﬂuence of the func-
ion of a repaired intact cuff on the Constant score (that
s on shoulder function) progressively disappears as the FDI
ncreases, and that it becomes null when the FDI reaches
.25. The results were the same for the different items of
he Constant score.
When the FDI was 2.25 or more, shoulder function
epended solely on the other shoulder muscles (includ-
ng the deltoid), and joints other than the glenohumeral
oint. This ‘‘basic’’ function (Fig. 3), in patients an aver-
ge of 67 years old with non osteoarthritic articulations
nd normal muscles except cuff muscles, should correspond0.91 1.26 (0.46)
from 0.2—2.2
0.0004
o a Constant score of approximately 62 points with very
ittle pain (approximately 11 points), a correct range of
otion (approximately 32 points) but little strength (approx-
mately four points). When the FDI was below 2.25 (Fig. 3),
he function of a repaired intact cuff added points to the
‘basic’’ Constant score and each of its items (evaluated
ith regression lines based on the FDI at the ﬁnal follow-up)
n proportion to the FDI value.
iscussion
egression analysis was used in this study to compare shoul-
er function at the ﬁnal post-operative follow up (evaluated
y the unweighted Constant score and its items) and rota-
or cuff function (evaluated pre- and postoperatively by the
re-suture FDI and the FDI at the ﬁnal follow-up) in cen-
ered shoulders without osteoarthritis whose rotator cuffs,
utured 9 years before, remained intact and with otherwise
ormal shoulder muscles. Comparison of regression lines
howed that rotator cuff function in repaired intact cuffs
rogressively decreased as the FDI increased. When the FDI
eached 2.25 or above, the rotator cuff no longer seemed
o play a role in shoulder function, which then depended
pon other shoulder muscles (including the deltoid muscle)
o ensure ‘‘basic’’ shoulder function. There is no strength in
his type of shoulder. It is slightly painful with an acceptable
OM (evaluated on the Constant score).
The present study has certain limitations:
it is a small series (29 cases). Despite the limited number
of cases a strong correlation was found (P between 0.0130
and < 0.0001, Fig. 1) between preoperative and ﬁnal post-
operative follow-up FDI’s and the unweighted Constant
score and its items;
this series only includes rotator cuffs that were repaired
for full thickness tears and whose continuity was restored
with tendon sutures. This is the only type of series that
could reveal the role of restored rotator cuff function
(evaluated by FDI) on shoulder function (evaluation by
the unweighted Constant score). Indeed during the period
that the tendons are torn fatty degeneration develops,
which results in different FDI scores. A study of a series
of untorn cuffs could not have evaluated the role of an
How repaired rotator cuff function inﬂuences Constant scoring 503
nwei
) valu
•Figure 1 Regression lines showing the correlation between u
and ﬁnal postoperative follow-up fatty degeneration index (FDI
intact cuff on shoulder function because there is no fatty
development in muscles of untorn tendons (if there is
no osteoarthritis or neurological damage to the joint) [6]
Finally the study of a series of non-operated, torn cuffs
would obviously not respond to the purpose of this study;
• the FDI does not take into account the FD of the terres
minor which plays a role in active lateral rotation of the
shoulder. However although the FD of this muscle was not
taken into account in the present series, the preoperativeghted Constant scores at the ﬁnal follow-up and preoperative
es.
and ﬁnal follow-up FD values for this muscle were null
or very low (respectively 0.1 and 0.2, between 0 and 1),
which would not affect cuff function;
control of cuff tendon continuity in the ﬁnal follow-up
was performed with ultrasound, which is known to be less
reliable than MRI or CT arthrography. However, thanks to
improvement in ultrasound techniques in the past few
years, ultrasound evaluation of the rotator cuff has been
shown to be reliable if the radiologist is experienced and
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(igure 2 Regression lines between unweighted Constant scor
perative fatty degeneration index (FDI) values have been supe
the control is performed a certain amount of time after
rotator cuff repair [8].The lack of rotator cuff function when the FDI reaches
.25 or more supports results in a previous study on fatty
egeneration of rotator cuff muscles [6]: loss of infraspina-
us function was clinically observable when the FDwas above
in a muscle whose tendon was not torn.
m
g
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igure 3 The grey area represents the increase in repaired intact
FDI).d its items at the ﬁnal follow-up, preoperative and ﬁnal post-
osed for the Constant score, range of motion and strength.
The limited pain in seemingly centered shoulders with-
ut osteoarthritis and with cuff continuity (although this
ncreases as the FDI increases) may be due to the conco-
itant and progressive loss of active centering of the
lenohumeral joint in relation to the rotator cuff, which
s not yet visible on static imaging. The lack of loss of
lenohumeral centering, and the lack of osteoarthritis in
adiological images after 9 years of follow up in rotator
rotator cuff function in relation to its fatty degeneration index
ing
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cuffs with continuity but very little function, could be due
to passive stabilisation provided by the cuff.
Reverse shoulder replacement, which restores stable
glenohumeral centering in full thickness rotator cuff tears
with or without osteoarthritis (resulting in good deltoid
muscle function), supports our observations. After a mean
follow-up of 52 months in 484 reverse shoulder replacements
studied during the symposium of the Société d’Orthopédie
et de Traumatologie Franc¸aise in 2006 [9] the unweighted
Constant score was 62.5 points and 12.6, 26.6, and 7.3 points
respectively for pain, range of motion and strength. These
results are similar to those found in our regression analysis
when the rotator cuff becomes inactive with an FDI above
2.25 (62, 11, 32 and 4 respectively). The better strength
results with reverse shoulder replacement compared to our
results in inactive cuffs could be due to lateralisation of
the humerus in relation to the center of rotation with the
reverse shoulder prosthesis which improves deltoid muscle
function. Results obtained by Levy et al. [10] (62 points for
the unweighted Constant score, 12 points for pain, 34 for
range of motion, and 1 point for strength) who obtained
glenohumeral stability using physical rehabilitation of the
anterior deltoid associated with analgesics in 17 shoulders
(12 were not centered) with full thickness rotator cuff tears
(there were full thickness supra and infraspinatus tears and
full or nearly full tears in the subscapular tendons) also con-
ﬁrm our results. Their functional results were comparable to
ours when cuff function no longer participates in shoulder
function.
Conclusion
The hypothesis of this study seems to be conﬁrmed. The
deltoid and other muscles of the shoulder except for those of
the rotator cuff seem to be responsible for ‘‘basic’’ shoulder
function in shoulders with intact repaired rotator cuffs with
the humeral head centered on the glenoid and normal joints
except for the glenohumeral joint. This ‘‘basic’’ function
represents approximately 60% of the unweighted Constant
score, three quarters of the range of motion in the Constant
score, and only 16% of the strength in a normal shoulder in a
young adult. A shoulder with a non-functioning rotator cuff
[505
ould not be particularly painful (11 points). The lower the
DI, the more cuff function will improve ‘‘basic’’ shoulder
unction.
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